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DEPARTMENT OF THE ARMY 
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS 

P.  O.  BOX  631 

VICKSBURG,  MISSISSIPPI    39180 

IN   REPLY   REFER TO, WESEE 

QrlQuLnaJL 

15 May 1979 

Mr. Don Campbell 
U. S. Army Toxic and Hazardous Materials Agency 
Aberdeen Proving Ground, Maryland  210 

Dear Don: 

81325R21 
original 

Please find inclosed a copy of a short report concerning the study we 
conducted on fluroide removal by lime addition from groundwater at 
the northern boundary of RMA.  As we discussed previously, lime addition 
successfully reduced the fluoride concentration to the suggested standard, 
but based on the costs, the potential sludge disposal problems, and the 
probable variability in the effectiveness of the process, I think that 
activated alumina is the best choice for a system at RMA. If you have 
any questions, please contact me. 

Aeassslon 

DTIC TAS 
Unaaxious 

By Bl Statut lont _ 

"jlv&ii end/a? 

Sincerely yours, 

Q nj. / 
DOUGLAS W. THOMPSON 
Engineer 
Water Supply & Waste 
Treatment Group 

Rocky Mountain Arsenal 
Information Center 

Commerce City, Colorado 
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Fluoride loaoval by Lk« A&dltftm' itM 
Crout\cfo«s.ter at tfefc MorthMra Boundary «I 

Stocb/ 3&ront&ia Är**öÄl 
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1,    Ocottadw«e«r at the. non&ara fcwariary of Bodcy Contain Arsenal, 

(SHA) has ba*ö fouad to «ontai« fltiorfcl* In COM eta-tat Ions in **cw« 
of the level recemondcd fey fcfca Colorado Hsaitb Dapartmefifc,    Several 

treatoetit Alternatives for renwiflg th* flwfid* Kdv* 1>ö«Q investigated.. 

This «port »matwufiaes a »tody conducted to d«*r*itt« t'ha fewibility 
of usiag Haw prscip Uatloti for th* r«wval of flwwid« from gr.<roödw*t«r 

at the aortharti boundary of. ffi&, 

• •■    2,    litt« and llafl/aod* asft «ddltloa W*M botl» tavwtlgated «sing 

A laborstory «eaU jar test apparatus    E<j«4l warpl« volw»«$ of water 

were placed in six beak«* on a Bird aaltipl* «elrrlftg «nit *»d various 

amounts of chentcul« wr« added to the «ampl«s*    TE« sampl«* war* tto*n 
Hised rapidly .(for one ataut* followed by Slav mixing for 30 minttt«». 
Thfi pr«cipit*t« foraed «ä« allowed to wtttl* for 30 mitwt«a attar whloh 
time c'ha •supartuitant vaa eollseted for analysis.    Maul aaalyaia v*r* 

conducted «toft a Parkin-Slaw Mod«! 300 atomic adsorption spectro- 
photoraeter,    Fluroide analysis «re conducted using an Or lot! sp«ciUc 

ion electrode. 
3, Analysis o? a grouadwater «smpU was cotidact*d and the resulting 

cHaract«iristic« ar« praa«mt*d in Table 1.    From the»« results, the 
sfcoicMosMstric   done of llsas x«quired was calculated to ba W0 issg/l o£ 
C&O,    Various parent «racess do&agas as indicated in Table 2 wsrs added 

to tho »aapl«s.    fha resultlKg fluoride cocicantrÄtion» atöog with pB, 

calcium, roagoeaiusw" and aatsganes« are presented i» T&bl-e 2. 

4. Ton dau «hows that a dosage of 680 «g/Ä.of CaO is resulted 

to reduce the concentration of tluotlA« CO öeslov the suggested limit of 

1,8 «g/t.    Xncrsastag dosages of lame do not result In leowrlog the 
concentration of fluorid*.    Additlotml tests wer« conducted adding soda 
««h aloog with Ilse,    ftosldual calciim conc«ttt.r«Cion< vtr* reducad but 

th« residual fluoride cottceatratltms remained tha .wraafc. 

j^fcH^WAWJ^AUitf«'^^ ,V,W^«VJ«jÄSffiM^W*S*V*^^ ■K'/T l'.s■,*fM*m**rWtV.'«- 

iV'ji ^rfr" ■ ™^ ^ *•»" «"^1 
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5»    8t»c« calcium fluorld« lias a tbeor*tieal tuttütua «olability j 

of approximately 9 ag/l of tluorid* «t pH 11, the removal of fluorids. 

by 11a« addition in this- stuoy is pro&ably attri8*.t*W« to adsorption' 

of the fluoride'ioo onto mstal hydroxide tlcc forsH&ä as a result of 
th* list« «ddltiati«   A» indicated in T451e 2, « significant «mount of 
aagnestum and siangauesa ver« removed at; a 11»« doaag* of 830 nag/i 
which corresponds to a significant decrftaa« in th* fluoride concentra- 

tion.    Similar results have %««a reported In th* past w'har£ ajipröci&bl« 

concentrations of naturally occurring laagnesiura hav* Ibsen found in th* 

■water being treated»    la th« Absence o£ naturally occurring wagnasitsa, 

th« requirement for «upplmant&ry addition of magnaslus generally aakaa 

the limö addition procea« for fluoride removal econossXcaily uafeaaibi*.. 

The addition of. smgnastusn salt» or othar wstal aalt* also result« la 

an iacreaa* in th« volusa of sludga produced» 
6, Chenlcal cost calculations wars made based on tha lim« dosag* 

B-ÄquiTTOent of 8ÖÜ ag/i which 1« apptoxiraat&ly 10 lhsr/1000 $&l,    && 

is currently paying $0,07/lb for liaa in 50 lb bags,    This amounts to 

$0,70/1000 gal of water treated»    11®® purchased In hulk quantities 

can 'bn obtained for about 50.025/11» to $0.03/lb, vhich would result in 
chemical costs of betnreta 50.25/1000 gal and $0,30/1000 gal,    Thö process 
would raq-uir« a clarlfiar capaola of handling -approximately 120,000 
gal/day at existing flow rates and would produca approitinately 1200 lb«/ 
day (dry wight-) of slwdge,    Also»  sludge dawatariug equipment voald bs 

required.    The dewatar©d sludge must ha disposed of in an etwirotaBentally 

acceptable »atmar. r 
7, Currantly, a study* is eaing conducted at BHA to d-Stsnaina the 

faaslbility of using activated alumina Car fluorlda removal firota th« 

•groundwatar»    In comparing ttws 11a« addition and activated alumina pro- 
cesses  for fluoride removal the following diffarance-a should 1s<a noted. 
Lissß addition vas succasstul in reducing t'ha fluoride concentration to 

just under the suggested limit,    Tfoerefora Che process taust ba controlled 

^Ru'bel and Hag«r,    "Feasibility Study for the Removal of Excess Fluoclde 
from Activated Carbon Effluent/'   Prepared for Rocky Hauatalu. Arsenal.. 
Sept.  30,  1978. 
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pracis^ly (fi<m«tattt «onitorittg) to iasur* that z'm reat&u&l fluoride 

coctcaattatioo remains b«lov the suggested limit»    Sine« ttoe process dfcfMMt&s 

on the precipitation o£ Mtal hydroxides., variations in thus c'h&t'&ctfrlstlca 

of the water to bö treated «an M«« significant changes ia the afJficUacy 

olf the removal process»   The activated alxnslna process generally allows 

for moriä variation in th« f&ed vat«t «incs pH (vhicit is «ncittuousty 

semi cor ad)  teads to be the controlling factor*    Th« araotmt of sludge 

produced in tha Haws addition proe«««« i» ssuch greater than the atswmoc 
t&aulting fro« the creatafcnt of the ragftaeration «a«t* -atreaa associated 
with Che activated alusd&a although ch« sdudgs ixam th© iatfc&r usually 

«atalas a auch higher coticettfcratiaa ot" fluoride    Tb# Hso addition pro--- 

'c®88 ^ftftisraily results ia a greater loss ojf vatst from th« p>toc£$$ 

stcea« than doee ehe activated aitfötnä*    And glnally, th« activated 

aluaind process tütxda to be sow acoturaic than lime .addition for tr*afc- 

sawac of vaeer tfith fluoride csacenttatlou« of l©as than 10 rag/i, 
3,     3asöd on th© result«! of this* «tody conearaitig flworida removal 

by Lim« addition» it appaars that this process wuld o« lass cost effc'ectlv* 

tha« the activated alus&aa procea®.    It i$ recommended that the activated 

aluadaa study be c era tinned so as to provide ths final information äaeäsd 
for acale-up of the activated alumina system for reawval of fluoride f ram 

sroundvater at the northern Voaadary atf 8MA. 
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auTÄCt«rlaties of Growod»ait*r ittm tiw 

jfarthera Boundary of Itoc&y Mountaia Äxseß&l 

Paraasatsir 

5?B 

Total Alkalinity 

total Hatdaeaa 

Sulfate 

Chlorid* 

Fluoride 

Aluminum 

Calciua 

Iron 

Ka.«tne«iiaffl 

Hatigaaesa 

Sodium 

7,0 

300   (*» C*C03) 

420   (at« CaCQ3) 

581 

3,35 

0.14 

$1.2 

0,0* 

47, Z 

1.14 

405 
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